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[57] ABSTRACT

A system for controlling an internal combustion engine
of a motor vehicle, and, in particular, a self-ignitible
internal combustion engine, that produces a speed sig-
nal, as well as a signal associated with the driver of the
motor vehicle, such as a gas pedal position signal. A
control unit supplies an actuating signal to a power-
regulating controlling unit that controls the fuel injec-
tion quantity for the engine under both normal and
emergency conditions. The actuating signal 1s based on
the signal associated with the driver and inversely pro-
portional to the speed signal.

1S Claims, 2 Drawing Sheets
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SYSTEM FOR CONTROLLING AN INTERNAL
COMBUSTION ENGINE

FIELD OF THE INVENTION 3

The present invention relates to a system for control-
ling an internal combustion engine, and, in particular,
relates to a control system for maintaining smooth oper-
ation under emergency conditions. 10

BACKGROUND OF THE INVENTION

German Published Patent Application No. 35 31 198
discloses a system for controlling an internal combus-
tion engine. It describes a method and a device for 15
controlling a self-ignitible internal combustion engine
with a fuel pump, a speed sensor, and a gas-pedal posi-
tion sensor. A controlling unit, which determines the
quantity of fuel to be injected, is triggered dependent
upon various signals. The described system comprises a
very complex monitoring system. Upon recognition of
an emergency situation, the injected fuel quantity is
reduced to a specified value. This complex monitoring
system makes it possible to guarantee that, even if some ,.
of its components fail, no critical operating states,
which would destroy the internal combustion engine,
are attained. However, this system has the disadvantage
that only a very limited operation is possible when an
emergency situation is recognized. All that 1s guaran- 30
teed is that the driver is able to drive to the nearest
service station. |

Problems also arise 1n such a system because errors
also occur in the monitoring system. As a result, the
danger of switching to emergency operation on a very 3°
frequent basis exists, which means that only a very
limited driving operation remains possible.

The object of the present invention is to improve the
availability of a system for controlling an internal com-
bustion engine to maintain smooth operation under
emergency conditions, even if various sensors or the
control unit should fail.

SUMMARY OF THE INVENTION 45

With the control system according to the present
invention, it is possible to continue to operate the inter-
nal combustion engine even if various sensors or the
control unit fail. Since the actuating signal for trigger-
ing the controlling unit that controls the fuel injection 50
quantity is inversely proportional to the speed signal, a
substitute actuating signal can be made available very
easily based on a substitute speed signal. By evaluating
the voltage across a terminal of a generator, a very
simple substitute speed signal can be extracted. This 33
signal is also available if the normal speed sensor fails.
This control system guarantees that the internal com-
bustion engine can be operated for as long as the con-
trolling unit that controls the fuel injection quantity, the
gas-pedal position sensor, and the generator are opera-
tive. Since good driving performance results from this
system, one can accept the fact that the switch-over to
the emergency system is made more often for the sake
of safety. The usual safety and emergency driving plans ¢s
can be reduced, so that considerable cost savings result.
At the same time, the safety and the availability of the
entire system rises.

20

2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of the control system
according to the present invention.

FIG. 2 shows a detailed flow chart to illustrate the
method of the functioning of the system shown in FIG.
1.

FIG. 3 shows a performance graph resulting from

operation of a system according to the method illus-
trated in FIG. 2. |

DETAILED DESCRIPTION OF THE
INVENTION

A block diagram of the control system according to
the present invention is shown in FIG. 1. Fuel is me-
tered by way of a fuel pump 20 into an internal combus-
tion engine 10. A power-regulating controlling unit 30
thereby determines the fuel quantity to be injected. The
controlling unit 30 is alternatively connected via a cir-
cuit component 35 (also described as a switch) either to
a controlling device 80 or to an emergency controlling
device 40. The controlling device 80 receives various
input signals from various sensors 90, from a sensor 95
for emitting a speed signal, as well as from a gas-pedal
position sensor 60. Furthermore, the possibility exists
that a signal characterizing the position of the control-
ling unit 30 is fed to the controlling device 80. The
design and method of functioning of a similar system 1s
described, for example, in German Published Patent
Application No. 26 50 247, corresponding to U.S. Pat.
No. 4,223,654.

In addition, the gas-pedal position sensor 60 is con-
nected to the emergency controlling device 40. A sen-
sor 70 generates a signal which corresponds to the
speed of the internal combustion engine. This signal 1s
fed to the emergency controlling device 40. In the sim-
plest case, this sensor 70 is located at a generator, which
is also described as a dynamo. For this purpose, a signal
corresponding to the rotational speed is measured at a
terminal W of the generator.

The switch 35 is triggered by a monitoring device 38.
This monitoring device is connected to the controlling
device 80. The controlling device 80, the emergency
controlling device 40, the monitoring device 38, and the
switch 35 can be incorporated very advantageously in
one control unit 100. Individual areas of the control unit
are directed to the various functions.

The terminal W refers to a terminal connection to one
of the phases of the three-phase current. The terminal
W supplies a pulsating dc current, the frequency of
which is proportional to the rotational speed. A substi-
tute speed signal is derived on the basis of the fre-
quency.

The method of the functioning of this system will
now be described. In normal operations, the switch 35 1s
situated in the position as drawn in FIG. 1. In this case,
the controlling unit 30 receives appropriate trigger
signals from the controlling device 80. As a general
rule, the controlling device specifies an actuating signal
in the form of an actuating current. It is also conceiv-
able, however, that the controlling device emits an
actuating signal in the form of a voltage signal. The
amplitude of this signal is thereby a measure of the fuel
quantity to be injected.

The controlling unit 30 may be a power-regulating
controlling unit. In the case of a self-ignitible internal
combustion engine, the adjusting rod, for example, may
be actuated. In the case of an internal combustion en-
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gine with applied spark ignition, the throttle valve may
be triggered.

The controlling unit assumes a specific position de-
pendent upon the actuating signal. This position is syn-
onymous with a preset fuel quantity. It 1s particularly
advantageous to measure the actual position of the con-
trolling unit, and to signal that position back to the
controlling device 80. In this case, the position of the
controlling unit can be regulated to a preset value by
means of a controller.

The monitoring device 38 constantly checks the op-
erativeness of the controlling device 80, as well as the
operativeness of the remaining components. For this
purpose, such monitoring devices exchange signals with
the monitoring components. Defects are recognized on
the basis of these signals. If a sensor fails, for example,
the position sensor of the controlling unit or one of the
sensors 90, and/or if a malfunctioning of the controlling
device occurs, the monitoring device 38 moves the
switch 35 into the position drawn in with a dotted line.
Thus, the controlling device 80 is separated from the
controlling unit. In this case, the emergency controlling
device 40 assumes the function of triggering the con-
trolling unit 30. The emergency controlling device 40
processes the output signal from the gas-pedal position
sensor 60 and a speed signal. The output signal from the
gas-pedal position sensor 60 can be described as a driv-
er’s choice signal, which indicates the choice of the
driver.

It is particularly advantageous when a substitute
speed sensor 70 is used in place of the speed sensor 9S.
This is particularly important when the speed sensor 95
is defective. To make available a substitute speed signal,
the dynamo is preferably drawn upon. A signal which 1s
proportional to the rotational speed can be measured at
the dynamo. Thus, the dynamo 70 supplies a signal
which characterizes the rotational speed of the internal
combustion engine. Thus, only signals which do not
require any additional sensors are processed. Since only
very few elements, such as the gas-pedal sensor, the
substitute speed sensor, and the controlling unit must be
operative, an emergency driving operation is possible
when all remaining components fail.

Other sensors, as well, can be used quite advanta-
geously. An example of such a substitute speed sensor 1s
the start-of-injection sensor. The appropriate sensor
needs only to fulfill the condition of emitting a signal
that is dependent on the rotational speed of the internal
combustion engine.

On the basis of the speed signal, the emergency con-
trolling device 40 calculates a substitute actuating signal
for the controlling unit 30. In addition to the rotational
speed, the gas-pedal position is also considered.

The emergency controlling device 40 preferably has
an analog design. The advantage of such a design 1s that
the emergency controlling device 40 is particularly
fail-safe. The emergency controlling device 40 can be

embodied as a small, separate control unit or as a part of

~ the control unit 100. When integrated into the control
unit 100, no additional lines or connecting terminals are
needed. |

Referring to FIG. 2, the method of the functioning of

the control system according to the present invention
will now be described through the use of a flow chart.
In step 200, the control system is checked to determine
whether an error exists. Such an error occurs when
something in the controlling device 80 is not function-
ing and/or when a sensor is defective or supplies faulty

10

15

20

235

30

35

45

50

55

60

65

4

signals. When this happens, the emergency electronics
is activated, i.e., the switch 35 is shifted into the position
drawn with a dotted line. The switch is triggered by the
monitoring device 38. If the monitoring device 38 rec-
ognizes an error, it causes the switch-over.

Since the control system comprising the emergency
controlling device 40 exhibits very good driving perfor-
mance, one can accept the fact that the switch-over to
emergency operation is made more often for the sake of
safety. When the monitoring of the main control system
indicates that the disturbance has passed, the switch 1s
moved back to the controlling device 80. In step 210, a
signal corresponding to the rotational speed is detected
by a suitable sensor 70.

A final limitation of the rotational speed must be
ensured using appropriate means. The final limitation
prevents the rotational speed from exceeding a maxi-
mum speed. In the simplest case, this 1s achieved by
stopping the actuating signal when a speed threshold is
exceeded. To this end, in step 220, the control system 1s
checked to determine whether the rotational speed is
greater than a specified threshold NS. If this 1s the case,
the actuating current I is set to zero in step 230. If this
is not the case, the actuating current is set to the inverse
value of the speed signal in step 240. Thus, the actuating
signal is inversely proportional to the speed signal.

The position of the gas pedal is also considered in step
250. A signal FP proportional to the gas-pedal position
is generated in step 260. In step 270, it is determined
whether the internal combustion engine 1s in idle opera-
tion. If idle operation is determined, the gas-pedal signal
FP is set to one in step 280, and step 250 follows. If idle
operation is not determined, the system likewise contin-
ues with step 250. In the simplest case, the actuating
current I for the controlling unit is multiplied by the
gas-pedal position signal FP. However, 1t is also advan-
tageous that various cumulative or multiplicative con-
stants enter into the determination of the actuating cur-
rent .

In step 290, it is checked whether the actuating cur-
rent I is greater than a specified maximum value S. If
this is not the case, the controlling unit 30 receives this
signal. If the actuating current is indeed greater than the
specified maximum value, in step 292 it is checked
whether a starter actuation is present. If this 1s-the case,
the actuating signal is set, in step 294, to a value re-
quired for the start-up. If this is not the case, the actuat-
ing signal is set to the maximum value §, in step 296.
This means that the actuating signal is limited, outside
of the start-up case, t0 a maximum permissible value S.
The actuating current can be limited in a particularly
simple manner by means of a current-limiting circuit
arrangement in the controlling unit.

Since the mechanical full-load stop of the fuel pump
is unchanged at the starting quantity, the current limita-
tion during the starter actuation is canceled to enable a
cold start when outside temperatures are low. This is
performed in steps 292 and 294.

All that is required to implement the emergency con-
trolling device 40 is a circuit arrangement that generates
an actuating signal from the speed signal. This actuating
signal is inversely proportional to the speed signal,
whereby the position of the gas-pedal position sensor
must be considered. The remaining steps can also be
performed outside of the control unit by means of ana-
log circuit arrangements and/or mechanical stop
means.
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With this emergency controlling device 40 and the
procedure described in FIG. 2, a performance graph
essentially as depicted in FIG. 3 is attained. The perfor-
mance graph, which is customary for diesel internal
combustion engines, is drawn as a dotted hne. For this
purpose, the adjusting rod position RW is plotted as a
function of the rotational speed n. The adjusting rod
position is usually proportional to the actuating signal.
Thus, the actuating current I can be plotted in place of
the adjusting rod position.

The individual characteristic curves 1/n are drawn
with single solid lines for various gas-pedal positions
FP1, FP2 and FP3. A double solid line shows the per-
missible range of the controlling-unit current as a func-
~ tion of the rotational speed. This procedure makes it
possible for the customary performance graph to be
very closely approached. The bottom characteristic
curve FP1 is used for the closed-loop control of the idle
operation. This characteristic curve results when the
gas pedal 1s not actuated.

What is claimed is:

1. A system for controlling an internal combustion
engine, comprising:

first means for generating a first signal indicative of

the state of a first measured parameter;

second means for generating a second signal indica-
tive of the state of a second measured parameter;
and

a control unit for receiving the first and second sig-

nals and for supplying an actuating signal that 1s
input to a controlling unit for controlling a prede-
termined function of the engine, the control unit
further comprising a normal controlling device, an
emergency controlling device, and a switch alter-
natively connectable to the normal or emergency
controlling device, the normal and emergency
controlling devices each being capable of generat-
ing the actuating signal based on the first and sec-
ond signals, with the actuating signal further being
based upon the second signal and being inversely
proportional to the first signal.

2. The system as recited in claim 1, wherein the first
signal is a speed signal indicative of the rotational speed
of the engine.

3. The system as recited in claim 1, wherein the sec-
ond signal is a signal indicative of a measured parameter
associated with an operation of the engine.

4. The system as recited in claim 1, wherein the con-
trolling unit is a power-regulating controlling unit.

5. The system as recited claim 4, wherein the control-
ling unit determines the quantity of fuel to be injected
into the engine.

6. The system as recited in claim 1, wherein the first
means includes a speed sensor.

7. The system as recited in claim 1, wherein the first
means includes a substitute speed sensor.
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8. The system as recited in claim 7, wherein the sub-
stitute speed sensor includes a generator.

9. The system as recited in claim 1, wherein the sec-
ond means includes a gas-pedal position sensor.

10. The system as recited in claim 1, wherein the
actuating signal is ceased when the first signal exceeds a
predetermined threshold.

11. The system as recited in claim 1, wherein the
control unit device includes analog components.

12. A system for controlling an internal combustion
engine, comprising:

first means for generating a first signal indicative of
the state of a first measured parameter;

second means for generating a second signal indica-
tive of the state of a second measured parameter;
and

a control unit for receiving the first and second sig-
nals and for supplying an actuating signal that is
input to a controlling unit for controlling a prede-
termined function of the engine, the control unit
including a normal controlling device, an emer-
gency controlling device, and a switch alterna-
tively connectable to the normal or emergency
controlling device, the normal and emergency
controlling devices each being capable of generat-
ing the actuating signal based on the first and sec-
ond signals, with the actuating signal further being
based upon the second signal and being inversely
proportional to the first signal, the contro! unit
further including a current-limiting circuit for lim-
iting the actuating signal to a predetermined maxi-
mum value.

13. The system as recited in claim 12, wherein the

actuating signal is limited except at engine start-up.

14. A system for controlling fuel injection of an inter-
nal combustion engine of a vehicle under normal and
emergency operating conditions, comprising:

a speed sensor for measuring a rotational speed of the
engine and for generating a first signal based
thereon;

a gas-pedal position sensor for measuring a position of
a gas pedal of the vehicle and for generating a
second signal based thereon; and

a control unit for receiving the first and second sig-
nals and generating an actuating signal useful for
controlling fuel injection for the engine, the con-
trol unit including a normal controlling device, an
emergency controlling device, and a switching
means that is alternatively connectable to the nor-
mal controlling unit and the emergency controlling
device for supplying the actuating signal to an
injection control means, the actuating signal being
based upon the second signal and being inversely
proportional to the first signal.

15. The system according to claim 14, wherein the

control unit further includes a monitoring device for

controlling the switching means.
¥ %X x x =
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